spacer sequences using the BLASTN tool (Altschul et al., 1990) . Table S1 . 136 Construction of pYptb32953::cat and pTM100-CRISPR. Primers specific for pYptb32953 (Acc. no 137 BX936400.1), the 27 kb cryptic plasmid of Y. pseudotuberculosis IP32953 (Table S2 ) were used to 138 amplify a 797 bp fragment of pYptb32953 from a plasmid miniprep template. The PCR fragment was 139 purified and digested with EcoRI followed by ligation with EcoRI-digested and SAP-treated suicide 140 vector pSW23T (Demarre et al., 2005) . The ligation mixture was electroporated into E. coli strain 141 ω7249 that is Kan R (Babic et al., 2008) . Transformants carrying the correct insert were identified by 142 PCR and the isolated plasmid named as pSW23T-pIP was further confirmed by restriction digestions. 143 The suicide construct was introduced to Y. pseudotuberculosis IP32953 by conjugation from E. coli 144 ω7249/pSW23T-pIP and Clm R transconjugants were selected with LA-Clm plates where the donor was 145 unable to grow due to its requirement for diaminopimelic acid (Dap). One of the Clm R transconjugants 146 was named as IP32953/pYptb32953::cat and used as a donor to introduce the tagged plasmid into E. 147 coli strains PM191NaR, a Nal R spontaneous derivative of PM191 (Meacock & Cohen, 1980 ) to obtain 148 E. coli PM191NaR/pYptb32953::cat, and to strain ω7249 to obtain E. coli ω7249/pYptb32953::cat. 149 pTM100-CRISPR was constructed by cloning a PCR-amplified 909-bp DNA-fragment of pYptb32953 150 (nucleotides 13,002-13,910; for PCR-primers, see Table S2 ) into EcoRV-site of pTM100 (Michiels & 151 Cornelis, 1991). pTM100-CRISPR was electroporated into E. coli strain ω7249. pTM100-waaF 152 (Noszczynska et al., 2014) was used as spacer-free control plasmid in mobilization experiments.
153
Conjugation frequency assays. The E. coli ω7249/pYptb32953::cat, ω7249/pTM100-CRISPR and 154 ω7249/pTM100-waaF strains were used as donor strains to determine conjugation/mobilization 155 frequencies into a set of Y. pseudotuberculosis strains. The donor bacteria were grown in LB-Kan-Clm- 156 Dap at 37ºC for 16 h, the culture was diluted 1:10 in fresh medium and incubated for an additional 3 h, (Table S1 ). From the amplified YP1 locus fragments, five could be only partially sequenced and no 174 sequence was obtained from 11 PCR products. The YP2 locus was amplified and sequenced from 61 175 strains, 19 strains yielded no PCR products and the PCR products of 4 strains could not be sequenced;
176
in addition 6 strains yielded non-CRISPR sequences. The YP3 locus was amplified and sequenced 177 from 81 strains. Five strains yielded no PCR products, two strains were partly sequenced and the PCR 178 product from one strain could not be sequenced; in addition one strain yielded non-CRISPR sequence. 179 We did not push to optimize the PCR-based sequencing approach as whole genome sequencing is a 180 present day viable alternative. Typically highest numbers of spacers were found from the YP1 and YP3 181 loci (up to 50 different), while very few were in the YP2 locus. 183 The above sequence data was complemented with the CRISPR loci sequences of 40 Y. 184 pseudotuberculosis strains and 195 Y. pestis strains (Table S1) (Table S3 ).
182

Analysis of the YP1, YP2 and YP3 CRISPR loci in 335 Y. pseudotuberculosis complex strains
192
Altogether more than 6000 spacers with 1902 different spacer sequences were identified among the 193 analysed sequence data (Table S4 ). The numbering in Table S4 is used to distuingish the spacers.
194
Suprisingly little overlap of spacer distribution between the strains was noticed. 1153 spacers were 195 unique to single strains (shown in Table S4 ), 311 were present in 2 strains, 143 in 3 strains, 77 in 4 196 strains, ca. 56 in 5 strains, ca. 47 in 6 strains and 25 in 7 strains. Those that were shared in ≥8 Y. 197 pseudotuberculosis and Y. similis strains are shown in Table S5 . Since these spacers did not give any 198 significant hits in BLASTN search (Table S5 ) we at present have no clues of their origins except for 199 spacer #7 that had similarity to E. coli plasmid sequence. This spacer was present in eight strains. The were manually aligned and the alignments are shown in Table S6 . If all spacers present in the most instead there were several root spacers both in the YP1 and YP3 loci. The most likely explanation is 208 that older spacers were randomly lost. Furthermore, gaps had to be introduced to the spacer patterns to 209 maximize their alignment. When the spacer pattern alignments were used for grouping of the strains we 210 found that the phylogenies of YP1 and YP3 loci seem not to be congruent. In fact, the alignments 211 indicated that the spacers had accumulated independently to these main storage loci. Among the 84 Y. pseudotuberculosis strains with YP1 sequences the most prevalent ancient or root 230 spacer in the YP1 locus was #39 (present in 14 strains), followed by spacers #103, #40, #539, #403,
231
#76 and #581 (present in 13, 9, 6, 4, 3 and 3 strains, respectively). Eight different ancient spacers were 232 shared by two strains and 15 strains had unique ancient spacers. Sequence information for the YP1 233 locus was not obtained for 50 of the 124 Y. pseudotuberculosis and 10 Y. similis strains.
234
The YP2 locus of the strains carried generally 1 or 2 spacers, with only three exceptions in which the 235 locus carried 6 or 8 spacers (Tables S6 and S7 ). By sequence comparison, a couple of different repeat 236 variants and altogether 17 different spacers were detected in the YP2 locus. No spacers were present in 237 the Y. similis YP2 locus. Figure 2 and Table S7 show the alignments of the Y. pseudotuberculosis YP2 238 locus sequences and their comparison to the Y. pestis CO92 YP2 locus. Here we exploited for the 239 grouping of strains the CRISPR 5'-and 3'-flanking sequences obtained from the YP2 PCR fragments 240 ( Figure 2 and Table S7 ). Comparison of the YP2 3'-flanks revealed the presence or absence from the 241 strains of five distinct sequence elements that we named as 3'A to 3'E ( Figure 2 and Table S7 ). The YP3-locus spacer comparison is presented in Table S6 part B. Based on the identity of the most 250 ancestral spacer the strains could be grouped into >10 groups. Spacers #507, #1149 and #1111 define 251 the largest groups with 38, 31 and 12 strains, respectively. The other spacer groups #511, #1132, 252 #1156, #1199, #1589, #1616, #1622 and #1853 included 2-5 strains each. The remaining strains had 253 either a sporadic most ancestral spacer (7 strains) or we did not get a PCR-product or sequence from 254 the locus (23 strains).
255
Interestingly, seventy-two spacers were present in two different CRISPR loci. In one instance, this 256 peculiarity was observed in a single strain. Spacer #808 was found in both the YP1 and YP3 locus of 257 strain No-151. Duplications occurred, for example spacer #257 was found in strains MW101-1 and TE-258 93081 as a tandem repeat duplicate in the YP1 locus. Another example is the spacer pair #1348.1349 259 that is present twice in strain DC356-2. Also spacer #1 is present twice in strain BB1152 (Table S6 ). 261 We next wanted to find out if the spacer based grouping was in line with the MLST study (Laukkanen- However, in all spacer-based groups closest CRISPR types tended to belong to closely related sequence 266 types. As an example one can take the YP3 spacer subgroup of #507-1350-rooted strains (Table S6 part 267 B and Figure S2 ) that grouped in the MLST analysis with a maximum crosslink distance of 5. shared are shown in Tables S11 and S12. (Table 4 ). Examples of the conjugation experiments are shown in Figure 3 . Among the strains we among the fully resistant strains carried a pYptb32953-specific spacer ten spacer-carrying strains were 329 among the 13 strains in the non-resistant group. Among the 4 spacer-free strains tested 3 were non-330 resistant and one, YPII, was fully resistant (Table 4) .
260
Relationships between spacer based grouping and sequence types
331
To find out whether the resistance differences in the spacer-carrying strains could be explained by the (Table 3) . Altogether 23 of the 32 protospacers were flanked by the GG PAM 335 motif and there was no correlation between the presence or absence of the PAM motif and resistance.
336
For example the non-resistant strain J51 carries 4 spacers and two of the protospacers carry the GG 337 PAM motif. Spacer #1632 containing the PAM motif is present in three Y. similis strains. One of the strains is non-resistant and two are fully resistant. In addition, there are fully resistant strains that carry 339 a spacer missing the PAM motif (Table 3) .
340
To find out whether the CRISPR/Cas system in the Y. pseudotuberculosis strains is functional we 341 constructed a pair of plasmids based on mobilizable plasmid pTM100 (Michiels & Cornelis, 1991) . (Table 4 ). pYM100-waaF was used as a 344 spacer-free control plasmid. The plasmids were mobilized into a set of six spacer-carrying and -free 345 strains representing the non-and fully-resistant groups. A functional CRISPR/Cas system should 346 restrict the mobilization of pTM100-CRIPSR but not that of pTM100-waaF into a spacer-carrying 347 strain, and there should not be any differences in mobilization of either plasmid into a spacer-free 348 strain. The results presented in Table 4 demonstrate that mobilization frequency of pTM100-CRIPSR 349 to all five spacer-carrying strains was significantly lower than that of pTM100-waaF while no 350 difference could be seen with spacer-free strain PB1. These results demonstrated that the CRISPR/Cas Table 3 ). Also this 355 seemed not to correlate with the resistance as spacer #1167 in strain 774 had 4 mismatches with the 356 protospacer but the strain was fully resistant. Also #1579 in strain KP1244-2B had 1 mismatch but the 357 strain was fully resistant.
358
Discussion
359
The three CRISPR loci of 335 Y. pseudotuberculosis complex strains were analysed. Altogether 1902 360 different spacers were found and surprisingly little overlap between the strains was observed. In spite 361 of this, we noticed some correlation between the Y. pseudotuberculosis sequence types and CRISPR 362 spacers. To visualize evolutionary relationships between the strains, we aligned the spacer profiles of 363 the strains based on both the YP1 and YP3 spacers, but these aligments showed no congruence. This is 364 a strong argument for the influence of HGT in shaping the genomes of Y. pseudotuberculosis and that 365 specifically influences the YP1 and YP3 loci. This is supported by analogous reassortment of CRISPR 366 loci in Sulfolobus islandicus (Held et al., 2013) and in E. coli (Almendros et al., 2013 show here that each ST would need to be considered almost as a single entity, as previously done for 398 ST90 (Y. pestis).
399
The most common spacers had significant similarities mainly with Yersinia species. Comparison of 400 spacer with plasmid sequences indicated one notable plasmid, pYptb32953, the cryptic 27,702 kb 401 plasmid of Y. pseudotuberculosis strain IP32953 which had significant similarities with 32 spacers.
402
When the pYptb32953-specific spacers were identified from the 31 strains we set out to test whether 403 the presence or absence of the spacers would influence the conjugation frequency of pYptb32953::cat 404 to a strain. As spacer-negative control strains we selected 4 strains. Our hypothesis was that the plasmid 405 would transform the spacer-negative strains but not the spacer-positive ones. The results shown in 406 Table 4 were unexpected and demonstrated that bacteria are versatile. In addition, the finding that 407 pYptb32953::cat conjugated efficiently to 10 spacer-positive strains raised the possibility that the 408 CRISPR/Cas system in these strains would not be functional. The mobilization experiments carried out 409 with the pTM100-waaF/pTM100-CRISPR plasmids, however, clearly demonstrated that the 410 CRISPR/Cas system is functional also in these strains. Interestingly, we observed that the CRISPR/Cas 411 system based resistance was not 100 % tight but could reduce the mobilization frequency to ca. 10 % of 412 the spacer-free mobilization. We can make important conclusions from the results. Firstly, strain YPIII 413 that lacks any pYptb32953-specific spacers was fully resistant to pYptb32953::cat transformation. The 414 strain likely carries an efficient restriction-modification system or lacks a receptor for the pYptb32953 415 conjugation apparatus. Secondly, the presence of a group of spacer-positive strains that showed latter, on the contrary, is widely spread in nature and seems to have been highly exposed to various 439 insulting genetic elements and this is visible in the high number of spacers present in a single strain, for 440 example the strain YPIII has altogether 75 spacers. 802.539.173-177.951-970.1842.250.334.257.130.971.263.972.698.973.1827.974.  1149.1199.1200.-----1202.331.1203.261.95.1204.1205.1773-1776.130.1777.361.   MW145-2  ----------------173-177.130. 178.-----------------179.180.181-185.1839.186.187.188.189.  507.1238-1249.1868.1610.848.71.1611.77.1847.712.340.509.1612.1613-1615.971.   Pa3606  ------------539.173-177.nnn.-----------------------------.181-185.1839.186.187.  507.1238-1249.1868.1610.848.71.1611.77.1847.712.340.509.1612.   IP31758  ------------539.173-177.1869.178.----540-543.1818.179.180.181-185.1839.186.187.361.  1149.1199.1200.1201.1202.331.1203.261.95.1204.1205.1466-1471.808.277.1472.593.1473-1477 .
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